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ture Radar)?MIST(Microwave Imaging via Space-Time beamforming)????









































? 2 ? UWB?????????????
? 2.1: ???????????????? (???Accurate UWB Radar 3-D
Imaging Algorithm for Complex Boundary without Range Points Connections)
?????????????????????????????????????
??????2??????????????????????????????






??????????????????????? r = (x ; z )?????????































???? (X; 0; R)????????????? (X; 0; R)???????????
??? (Xi; 0; Ri)????????????????????  (q; qi)?????
??????????? ?????????????????????
f (; q; qi) = exp
(





???X 6= Xi ????????????????????????????
??????????????????????? 2.2????????????
?? F (; q)??????????



























?????????????????? (2.3)?????????? (X ;R)???
????? opt????????
opt = arg max

F (; q) (2.4)
? (2.4)??????????? opt???????????????????
???????
x = X +R cos opt








? 2 ? UWB?????????????
? 2.3: RPM??????????? (???Accurate UWB Radar 3-D Imaging











? 2.4????????????????????? r = (x; z)???????
??? x ?????????????????????????????????
Wiener?????????????????????????????????
qS;j = (XS;j ;RS;j ) ; (j = 1; :::;NS)?????????????RPM??????
7




















? 2.4: ?? SAR???????????
??????????? rS;j = (xS;j ; zS;j )??????????????????










s (X ; d2 (X ; r; rS;j )) dX (2.6)
???  ??????d2 (X ; r; rS;j ) ????????????????????
d2 (X ; r; rS;j ) =
q
(X   xS;j )2 + zS;j 2 +pr
q
(x   xS;j )2 + (z   zS;j )2????r??
??????????????????r??????????????????
?????????????????????????????????????
???????????????? 2.5???????????? I (r)?????
???????????? 1:0 106S=m??????????????? 5.0??































? 2.5: ??SAR?????????? (???Accurate and Nonparametric Imag-















? 2 ? UWB?????????????
? 2.6: MIST?????????????????????
???????? b1[n]?????????? x1[n]??????????
x1 [n] = b1 [n]  qTb2N [n] (2.7)








z [n]h [r0; n]
2 (2.8)

















???????????????????????qS;j = (XS;j ;RS;j ) ; (j = 1; :::;NS)
?????RPM ???????????????????? rS;j = (xS;j ; zS;j )
?????????????????? qM;i = (XM;i ;RM;i) ; (i = 1; :::;NM)??
????????????RPM??????????????????????


























(XM;i   xS;j )2 + zS;j 2?eT;j = R (T) ( eN;j )???????,
11























?I = cos 1 (eN;j  eI;j )?????
























rM;j  qM;i  rM;l  qM;k2
22r
1CA (2.10)
???r ??????????????? rM;j(qM;i)??????? rS;j????


























 jXM;i   XM;k j
2
22X



























































? 2.10: RPM???????????????????????? (???Accurate















? 2 ? UWB?????????????
Numerical Model Initial Guess
? 2.11: ????????????????????????
???????????????
E (r) = Ei (r) 
Z
C
k 20 f (r0)  bgG (jr0   rj)E (r0) dr0 (2.13)
????E (r)?????Ei (r)?????????k0???? (r0)? r0???






E (r) = Ei (r) 
Z
k 20 f (r0)  bgG (jr0   rj)Ei (r0) dr0 (2.14)






? 2 ? UWB?????????????
? 2.12: ??????????????????????????????? (?
??Microwave Imaging-Complex Permittivity Reconstruction with a Levenberg-
Marquardt Method)


























??????????EwS (rs; ro; !)?EOS (rs; ro; !)??????EOS (rs; ro; !)??
????????
EwS (; !) =
Z k0
 k0
  (!; kx)A(!; kx) exp(2jkzzs) exp[ jkx]dkx (2.15)
???  ??????????? = x0   xs????????????????
  <  >??????????
~  (!; kx) =
NTX
m=0
< EwS (; !); vn(; !) >
n
un(!; kx) (2.16)











0@S11(!; kx) S12(!; kx)





1  j  (!; kx)j2
?????????????????????w(z) = w(d   z)???????
??S11 = S22????????????????????????????
 (!; kx) =   (!; kx) + (2n+ 1)=2 (2.18)
????  ?????? <  >,  <  >?????????????????
??????????????????????? 2?????????????
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???? rTR = (XTR; ZTR)????? rR = (XR; ZR)????????????
rc = (Xc; Zc)????Rc?????????????????????????
??????????????? (rTR + rR)=2 = rc?????????????
??? ???????????????????? (X;Z)?????????
rTR?????? rR??????????? s0TR(X;Z;R)?s0R(X;Z;R)????
???R = ct=2???t????????????? s0TR(X;Z;R)?s0R(X;Z;R)?
Wiener????????????? S(XTR; ZTR; RTR)?S(XT; ZT; RT)????
19






















????????? S(XTR; ZTR; RTR)?????????
QTR =

qTR;i = (XTR;i; ZTR;i; RTR;i) ; (i = 1; :::; NTR)
	
??????QTR???????????????????????????Qtr =
qtr;i = (Xtr;i; Ztr;i; Rtr;i) ; (i = 1; :::; Ntr)
	?????????????????QM =
QTR
TQtr = qM;i = (XM;i; ZM;i; RM;i) ; (i = 1; :::; NM)	????Qtr?RPM??
??????????????? ri = (xi; zi), (i = 1; :::; Ntr)????RPM??
?????????????????????????????????????
en;i = (Xtr;i:Ztr;i)=Rtr;i?????????????? r^I(t), ???? r^E(t)??
?????????????????
(r^I (t) ; r^E (t)) = arg min
(ri;rj)2T 2rpm
n
jjei(t)  ei;jjj2 + jjej(t)  ei;jjj2
o
(2.19)
???ei (t) = Ro (i (t)) ( en;i), ej (t) = Ro (j (t)) ( en;j)????????
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???????????????????ei;j = (ri   rj) = jjri   rjjj?????









































































































??? r = (x; z)?????????????????????????????
?????????????????????????????????????
????? (1; 2)????????????????????????????
? c????????????????????????? r = (XTR; ZTR)??
??? r = (XR; ZR)???????????? rc = (Xc; Zc)????Rc????
???????????????????????????? rc = (Xc; Zc)??
???????? (rTR + rR)=2 = rc???????????????? ???
????????????????? (X;Z)????????? rTR?????
? rR??????????? s0TR(X;Z;R)?s0R(X;Z;R)???????R = ct=2
???t????????????????? S(X;Z;R)?????R?????
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? 3 ? ??????????????????????
























s (X;Z; t) =
Z 1
 1
W (!)S 0 (X;Z; !) ej!td! (3.1)





(1  )S20 + jSref (!) j2
S0 (3.2)
???? = 1=f1 + (S=N) 1g?S0???????Sref (!)??????????




? 3 ? ??????????????????????



























?????rTR?????????????Q = fqi = (X;i; Zi; Ri) ; (i = 1; :::; NQ)g
???????????????????????????????????Qtr =
qtr;i = (Xtr;i; Ztr;i; Rtr;i) ; (i = 1; :::; Ntr)
	?????????????????QM =























?????????????Envelope??????? rk = (Xk; Zk)??????
27




1 = fr1;i = (x1;i; z1;i)g?(i = 1; :::; N1)
??????????????????????
r1;i = arg min
i2fDi<=Rkg
q
(Xc   Px;k)2 + (Zc   Pz;k)2 (3.3)
???i? Envelope???????????(X1 ; Z1)???????????
????????????? rc(Xc; Zc)? (X1 ; Z1)? 2??????????
????????????????????? P;i(X;i; Z;i)?????????










? 3 ? ??????????????????????






















? 3 ? ??????????????????????






































???????????????????? ~Rk(1; 2;pin1;k;pin2;k;pout1;k ;pout2;k )???
30
























( ^1;k; ^2;k) = arg min
1;k;2;k











?? 1) ????Wiener?????? STR(X;Z;R)??????
Qtr =









?? 2) ?? 1)???????????????????? ^@
1?????2.3.3
??????????????????????????????????
??? 1st????????????? (1; 2) = (1st; 1st)??????
31
? 3 ? ??????????????????????
Outer boundary estimation 
by Envelope and RPM
Inner boundary estimation
by extended Envelope method
Propagation path estimation based on
geometric optics approximation
Estimating mean permittivity 
of two dielectric medium
Updating      and 2ε












??????????????????????? ~Rk(1; 2;pin1;k;pin2;k;pout1;k ;pout2;k )
??????
?? 5) ?? (3.6)????????????????????????????
????? (1; 2)???????? 3)??? 4)????????????
? (^1; ^2)??????
32
? 3 ? ??????????????????????
3.5 ???????????
????????????????????????????????????





8<: (1  cos (2t=T )) sin (2t=T ) ; (0 < t  T )0; (otherwise) ; (3.8)
???T = =c???????????? T=200??????????????
? =80????????????????????????????????
(RMSE:Root Mean Squared Error)????????????????
RMSE =
sPNenv


















?????????????????? ( ^1;k; ^2;k)?(k = 1;    ; Nr)??????
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? 3 ? ??????????????????????


























? 3.8: ???????? (????? ?????)
? 3.9??????????????????????????????????
?????????????????????????????????????











? 3 ? ??????????????????????












































True boundary Observing point
? 3.10: ????????????????







































True boundary Observing point









??????????????? (RMSE)???????????? 5:5 10 3?
















?????????VNA(Vector Network Analyzer)????????? 0.8Hz?
? 3.0GHz??? 10MHz??????????????????????????
???? rTR?????????????? rR1, rR2??? 40cm???????




















? 4.2: ??????? ?????????
?????????????????????? 10.95????????????
????????? 9.70????????? 10???????? 2.2cm????









????????????? rTR(XTR; ZTR)?????? rR1(XR1; ZR1)????
????????????? qa(rTR; rR1; Ra)?Ra?????????????
???????????????? rTR;i(XTR;i; ZTR;i)?rR1;i(XR1;i; ZR1;i) ???
??????????????????? (q; qi)?????????q 6= qi??
?????RPM?????????? f(; q; qi)??????????????
?????
F (; q) =
 NqX
i=1





???D = min(jrTR   rTR;ij+ jrR1   rR1;ij; jrTR   rR1;ij+ jrTR;i   rTRj)????
????? opt????????????????????????? 4.3???
????????????????????????????
x = a1 cos1 cos opt   b1 sin1 sin opt + xmean
z = a1 sin1 cos opt   b1 cos1 sin opt + zmean
9=; (4.3)
???a1???????b1???????x?????????????????
??????? rmean = (xmean; zmean)????
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? 4 ? ????????????








































???????? 10.95??????? 9.70????? 4.4??????????
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? 4 ? ????????????


































?? 8.96?????????????????????? 9.0?? 13.0?????
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? 4 ? ????????????































True Outer estimation Inner estimation
? 4.7: ?????????????????????
?? 7.5?? 11.5????????? 0.1??????????????????
????????? 1%???????? 7%????????????????
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? 4 ? ????????????









































?????? x = 3:0m??????????????????????????





? 4 ? ????????????










































? 4 ? ????????????
????????????????????? 4.9??????????????
?????????????????????? 10.68??????? 9.02????




















????????????????? 9?? 13????? 1?? 5??????
??? 0.2????????????????????????????????
???? 9.21??????? 1.46?????????????????????




? 4 ? ????????????














































? 4 ? ????????????


















































































? 4 ? ????????????




































? 4 ? ????????????
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